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 623 

Supplementary Figure 1. Tick cell lines secrete EVs. a EV purification methodology in ticks. b 624 

Salivary gland EV production. SDS-PAGE immunoblots show c Calnexin-, d ALIX+, and e 625 

TSG101+ EVs purified from uninfected AAE2, ISE6, and DAE100 cells (70 µg of protein). The 626 

image is representative of two independent experiments. EVs from f A. americanum (AAE2) 627 

cells, g I. scapularis (ISE6) cells, and h D. andersoni (DAE100) cells. Release was measured by 628 

nanoparticle tracking analysis. Mean ± standard error of the mean (SEM) is plotted. Data 629 

represent three or six technical replicates from one of two independent experiments. Source 630 

data are provided as a Source Data file.   631 
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 632 

Supplementary Figure 2. SNAREs regulate the biogenesis of tick EVs. a ISE6 (1x106) cells 633 

were treated with Synaptobrevin 2 (Synap2) and Vamp33 silencing (Si; green) or scramble (Sc; 634 

gray) RNA. Cell viability was measured with Trypan Blue and compared to non-transfected cells 635 

(control; white). Mean ± standard error of the mean (SEM) is plotted. Differences in viability 636 

were analyzed with One-way ANOVA (NS= not significant). The graph represents the average 637 

from two independent experiments combined. b and c RNA silencing levels in ISE6 tick cell 638 

lines. Mean ± SEM are plotted. Statistical differences were evaluated by Two-tailed Student’s t 639 

test (*p<0.05); n= number of wells analyzed. d ISE6 cells (2x107 cells) were transfected with 640 

small interfering RNA against Vamp33 (Si; green) or scramble control (Vamp33 Sc; gray) and 641 

EVs were measured by nanoparticle tracking analysis. Mean ± SEM from technical replicates of 642 

one of two independent experiments are plotted. Both independent experiments show similar 643 

results. Two-way ANOVA using size and treatment as variables followed by Fisher's least 644 

significant difference statistical test comparing vesicles of the same size between treatments. 645 

*p<0.05. NS = not significant. e and f microvesicle and exosomal subtype markers in EVs 646 

derived from I. scapularis salivary glands (Supplementary Data 2). Source data are provided as 647 

a Source Data file.  648 
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 649 

Supplementary Figure 3. Biochemical networks enriched in EVs derived from I. scapularis 650 

salivary glands. Proteins identified within EVs originated from I. scapularis salivary glands were 651 

used to determine overrepresentation based on the ingenuity pathway analysis. Supplementary 652 

Data 2 is also provided. The biological relationship between proteins was determined using 653 

right-tailed Fisher’s exact test with Benjamini-Hochberg multiple-testing correction.  p<0.05; −log 654 

(p value) > 1.5.   655 
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 656 

Supplementary Figure 4. Overrepresentation of the nuclear factor E2-related factor 2 (NRF2) 657 

and the pentose phosphate pathways in the I. scapularis EV proteome. a NRF2 signaling 658 

pathway: ECS, extracellular space; C, cytosol; N, nucleus; ROS, reactive oxygen species; PI3K, 659 

phosphoinosotide kinase 3; AKT, protein kinase B (also known as PKB); GSK3β, glycogen 660 

synthase kinase 3β; KEAP1, kelch-like-EHC-associated protein 1; p, phosphorylated; GST, 661 

glutathione-S transferase; CBR1, carbonyl reductase 1; USP14; ubiquitin carboxyl-terminal 662 

hydrolase 14; CCT7, chaperonin-containing T-complex protein 1 (TCP1) subunit 7; PPIB, 663 

peptidyl-prolyl cis-trans isomerase B; PRDX1, Peroxiredoxin 1; SOD, superoxide dismutase; 664 

TXN, Thioredoxin; MRP1, multidrug resistance-associated protein 1; MRP2, multidrug 665 

resistance-associated protein 2; MRP4, multidrug resistance-associated protein 4. b Pentose 666 

phosphate pathway: β-D-G6P, β-D-glucose-5-phosphate; 6P-D-GL, 6-phosphate-D-667 

gluconolactone; 6P-D-gluconate, 6-phospho-D-gluconate; D-ribulose-5P, D-ribulose-5-668 

phosphate; D-xylulose-5P, D-xylulose-5-phosphate; D-ribose-5P, D-ribose-5-phosphate; D-669 

glyceraldehyde-3P, D-glyceraldehyde-3-phosphate; D-sedoheptulose-7P, D-sedoheptulose-7-670 
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phosphate; D-fructose-6P, D-fructose-6-phosphate; D-erythrose-4P, D-erythrose-4-phosphate. 671 

Arrowhead, acts on, stimulatory; square arrowhead, acts on, inhibitory; circular arrowhead, 672 

catalyzes; line arrowhead, inhibits. Purple circles and letters indicate proteins that were found in 673 

the proteome of I. scapularis salivary gland EVs. Gray circles and letters are proteins missing 674 

from the pathway. Supplementary Data 5 is also provided.  675 
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 676 

Supplementary Figure 5. Tick feeding causes inflammation at the bite site. Ticks were placed 677 

on wildtype C57BL/6 mice and allowed to feed for 3 days. Control skin biopsies (-) were taken 678 

from non-infested mice at similar locations. a Hematoxylin and eosin (H&E) staining displays 679 

baseline conditions at the skin site, as depicted by low cell infiltration and a single cell layer in 680 

the epithelium. Conversely, tick feeding increased cell infiltration to the bite site and resulted in 681 

epithelial damage and thickening of the skin. Arrow indicates the tick hypostome inserted at the 682 

bite site (bar = 200 µm). b Changes in epidermal thickness due to tick feeding. Skin biopsies 683 

from tick-infested mice (red) displayed an increase in thickness when compared to control 684 

samples (black); data points represent the thickness across different measures per sample. n = 685 

number of skin samples analyzed. Data is presented as a mean and standard error of the mean 686 
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(± SEM). Statistical differences were evaluated with a two-tailed student’s t test. (*p<0.05) c 687 

Ticks (green) fed on mice for three days. Skin biopsies from control and tick-infested treatments 688 

revealed increased inflammation and infiltration of myeloid cells at the skin site, as determined 689 

by flow cytometry. The H&E staining of the skin is a representative picture derived from 8 690 

biological replicates. Data is presented as a mean and standard error of the mean (± SEM). 691 

Statistical differences in immune cell populations in the flow cytometry experiments were 692 

evaluated by the two-tailed Student’s t test (basophils p=0.023; CD11b p= 0.03; monocytes p= 693 

0.039; neutrophils p= 0.025; and macrophages p=0.045; NS = not significant); n = number of 694 

skin samples analyzed. Source data are provided as a Source Data file. Gating strategy in flow 695 

cytometry experiments is shown in Supplementary Fig. 12.   696 
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 697 

Supplementary Figure 6. Ixodes scapularis synaptobrevin 2 affects feeding at the bite site. a 698 

Ticks were microinjected with synaptobrevin 2 small interfering RNA (synap2 si) (green) or 699 

scrambled RNA (synap2 sc) (gray) to reduce the EV release. Gene silencing was determined by 700 

quantitative real time PCR in non-engorged ticks 24 hours post-microinjection. In b and c the 701 

attachment and weight of ticks were measured after three-day placement on C57BL/6 mice. 702 

Attachment and weight of I. scapularis ticks microinjected with synaptobrevin 2 small interfering 703 

(Synap2 si) (green) (n=32) or scrambled (Synap2 sc) (gray) (n=25) RNA on C57BL/6 mice (n=2 704 

each treatment). Graph indicates results from two independent experiments. Data is presented 705 

as a mean and standard error of the mean (± SEM). Statistical differences in gene silencing and 706 

attachment were evaluated by the Student’s two-tailed t test, whereas tick weight was assessed 707 

by the one-tailed t test. (Silencing (a) p=0.029; weight (c) p=0.035) ; NS = no significant); n = 708 

number of ticks or mice analyzed. Source data are provided as a Source Data file.  709 



10 
 

 710 

Supplementary Figure 7. Cytokines and chemokines at the I. scapularis bite site. Ticks were 711 

microinjected with vamp33 small interfering RNA (vamp33 si) (green) or scrambled RNA 712 

(vamp33 sc) (gray) to reduce the EV release. Ticks were placed on C57BL/6 mice and allowed 713 

to feed for three days. In a and b, skin biopsies were taken from the area of feeding, weighted, 714 

and homogenized for cytokine and chemokine measurements, respectively. Data are presented 715 

as a mean and standard error of the mean (± SEM). Statistical differences in treatments for the 716 

cytokine and chemokine measurements at the skin site were evaluated by the Student’s two-717 

tailed t test. (*p<0.05; NS = not significant); n = number of samples analyzed. Source data are 718 

provided as a Source Data file.  719 
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 720 

Supplementary Figure 8. Immune cell populations at the bite site during I. scapularis feeding. 721 

Ticks were microinjected with vamp33 small interfering RNA (vamp33 si) (green) or scrambled 722 

RNA (vamp33 sc) (gray) to reduce the EV release. Ticks were placed on C57BL/6 mice and 723 

allowed to feed for three days. Biopsies were taken from the skin and immune cell populations 724 

were assessed by flow cytometry. Data are presented as a mean and standard error of the 725 

mean (± SEM). Statistical differences in treatments were evaluated by the Student’s two-tailed t 726 

test. (*p<0.05; NS = not significant); n = number of samples analyzed. Graphs represents three 727 

independent experiments. Source data are provided as a Source Data file. Gating strategy in 728 

flow cytometry experiments is shown in Supplementary Fig. 12. 729 

  730 
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 731 

Supplementary Figure 9. CCR2- and CCR6-dependent chemokines do not play any role in tick 732 

feeding during the release of EVs. a and b Ticks were microinjected with scrambled RNA 733 

(vamp33 sc) (circles) or vamp33 small interfering RNA (vamp33 si) (squares) to reduce I. 734 

scapularis release of EVs during feeding. Ticks were placed on C57BL/6 (WT) mice (gray) and 735 

a ccr2-/- or b ccr6-/- mice (green) and allowed to feed for three days. Tick weight measurement 736 

was then obtained post-infestation. Data is presented as the mean ± SEM. Differences between 737 

treatments were evaluated with two-tailed Student’s t test. (a WT p=0.005 and ccr2-/- p=0.001; b 738 

WT p=0.0026 and ccr6-/- p=0.048 ); n = number of samples analyzed. Source data are provided 739 

as a Source Data file. 740 

  741 
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 742 

Supplementary Figure 10. Tick EVs are repurposed during intracellular bacterial infection. a I. 743 

scapularis ISE6 cells (2x107) were inoculated with red blood cells infected with Babesia microti 744 

(1x105) and EVs were measured 24 hours later. Control ISE6 cells (-) did not receive the 745 

parasite inoculum. EVs were then quantified by nanoparticle tracking analysis. No differences 746 

were observed between control (gray) and B. microti-inoculated (green) cells. The graph is 747 

representative of two independent experiments. In b and c, A. americanum AAE2 (4.7x106) and 748 

D. andersoni DAE100 tick cells (6.9x106) were infected with E. chaffeensis [multiplicity of 749 

infection (MOI) 50] and F. tularensis (MOI 10), respectively. EVs release was measured 24 750 

hours later. Control tick cells (-) did not receive the bacterial inoculum. Two-way ANOVA using 751 

size and treatment followed by Sidak's multiple comparison statistical tests were used.  *p<0.05. 752 

NS = not significant. The data is presented as the mean ± SEM. Source data are provided as a 753 

Source Data file. n = technical replicates.   754 
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 755 

Supplementary Figure 11 Tick EVs control microbial-induced morbidity and mortality. In a 756 

cytokine release and b F. tularensis infection in the mouse lungs were measured by a multiplex 757 

cytokine ELISA and colony forming units (CFU) plaque assays at day 5 post-infection, 758 

respectively. F. tularensis was co-injected in the presence (green) or absence (gray) of D. 759 

andersoni salivary gland EVs (1x108). Statistics for the cytokine and infection experiments were 760 

done with the Student’s two-tailed t test in Francisella and Francisella + EVs samples. Data is 761 

presented as a mean and standard error of the mean (± SEM). *p<0.05; NS = not significant. All 762 

graphs are representative of two independent experiments. Source data are provided as a 763 

Source Data file.  764 
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 765 

Supplementary Figure 12. Gating strategy in flow cytometry experiments. (a) Data are shown 766 

in Figs. 3f, 4d, e and g and Supplementary Fig. 8. (b) Representative flow plots of DETC 767 

(Vγ5Vδ1) first gated on live and CD3+ T cells, then stained with the monoclonal antibodies Vγ5 768 

and 17D1(Vγ5Vδ1). Data are shown in Fig. 4f. Skin samples were harvested on day 3 from a 769 

scrambled RNA (vamp33 sc) microinjected tick bite and compared to the vamp33 si treatment. 770 

Source data are provided as a Source Data file. 771 


